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ABSTRACT 



This teaching unit is designed to help students in grades 5 
to 8 explore the concepts of functions and statistics in the context of the 
International Space Station (ISS) . The units in the series have been 
developed to enhance and enrich mathematics, science, and technology 
education and to accommodate different teaching and learning styles. Each 
unit consists of background notes for the teacher, a list of teacher 
resources, and two activities, one of which is Web-based, complete with 
blackline masters. Also included are suggestions for extensions to the 
problems and their relationships to national mathematics, science, and 
technology standards. In this activity, students learn about the ISS, why it 
is being built, and how it provides first-hand experiences with the space 
program. (MM) 
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PROGRAM OVERVIEW 



mui mhhb ves ' " ** |{ j ' 

In Functions and Statistics: International Space Station: Up to Us, students will learn 
about the International Space Station (ISS), why it is being built, and how it provides 
first-hand experiences with the space program. NASA engineers will discuss several 
components of the ISS, their functions, and the different types of research being 
conducted in the station's unique, microgravity environment. Students will also 
discover how microgravity affects human beings in space and will observe NASA 
engineers using functions and statistics in their research on bone loss. By conducting 
classroom and on-line activities, students will make connections between NASA 
research and the mathematics, science, and technology they learn in their classroom. 

Norbert, NASA CONNECT'S animated co-host, poses questions throughout the video. 
These questions direct the instruction and encourage students to think about the 
concepts being presented. An icon appears in the video to suggest to teachers an 
appropriate place to pause the video and discuss the answers to the questions. 
Students record their answers on the Student Cue Cards (p.14). 







International Space Station, the hands-on classroom activity, is teacher-created and is 
aligned with the National Council of Teachers of Mathematics (NCTM) standards, the 
National Science Teachers Association (NSTA) standards, and the National 
Educational Technology (NET) standards. Given a set of materials and constraints, 
students will work in groups to design an alternative model of the ISS. Through data 
analysis and interpretation, students will determine the best space station design, 
based on budget restrictions and component placement. 



The on-line activity, "Docking Challenge," is aligned with the NCTM standards, the 
NSTA standards, and the International Technology Education Association (ITEA) 
standards. Students begin with a combination of internet-based simulations and 
hands-on activities to explore the scientific and mathematical concepts behind orbital 
mechanics. In the "Virtual Docking Challenge" student teams use a video camera, a 
rolling office chair, and a "docking grid," to communicate with a mission control 
collaborative team to simulate an effective docking procedure. The "Docking 
Challenge," is located in Norbert's lab at http://connect.larc.nasa.gov/iss/lab.html 



IliWliili: 






Teacher and student resources (p. 17) support, enhance, and extend the NASA 
CONNECT program. Books, periodicals, pamphlets, and web sites provide teachers 
and students with background information and extensions. In addition to 
the resources listed in this lesson guide, the NASA CONNECT web site 
(http://connect.iarc.nasa.gov) offers on-line resources for teachers, students, 
and parents. By connecting to Norbert's Lab, the NASA CONNECT "Lab Manager" 
offers assistance to teachers who would like to get the most from the site. 
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THE CLASSROOM ACTIVITY 

The International Space Station (ISS), is the largest and most complex international 
scientific project in history. When it is complete, the station will represent a move of 
unprecedented scale from the home planet. Led by the United States, the International 
Space Station draws upon the scientific and technological resources of 16 nations: 
Canada, Japan, Russia, 1 1 nations of the European Space Agency, and Brazil. 

More than four times as large as Mir, the Russian Space Station, the completed 
International Space Station will have a mass of about 1,040,000 pounds and will 
measure 356 feet across and 290 feet long, with almost an acre of solar panels to 
provide electrical power to six state-of-the-art laboratories. 

The ISS will be in orbit at an altitude of 250 statute miles with an inclination of 51 .6 
degrees. This orbit allows the station to be reached by launch vehicles from the 
international partners to provide a robust capability for the delivery of crews and 
supplies. The orbit also provides excellent Earth observations, with coverage of 85 
percent of the globe and overflight of 95 percent of the population. 

U.S. ROLE AND CONTRIBUTIONS 

The United States is responsible for developing and ultimately operating major 
elements and systems aboard the ISS. The U.S. elements include three connecting 
modules or nodes, a laboratory module, truss segments, four solar arrays, a 
habitation module, three mating adapters, a cupola, an unpressurized logistics 
carrier, and a centrifuge module. The various systems being developed by the U.S. 
include thermal control; life support; guidance, navigation, and control; data 
handling; power systems; communications and tracking; ground operations 
facilities; and launch-site processing facilities. 

INTERNATIONAL CONTRIBUTORS 

The international partners, Canada, Japan, the European Space Agency, and Russia, 
will contribute the following key elements to the ISS. Canada is providing a 55-foot- 
long robotic arm to be used for assembly and maintenance tasks on the Space 
Station. The European Space Agency is building a pressurized laboratory to be 
launched on the Space Shuttle and logistics transport vehicles to be launched on the 
Ariane 5 launch vehicle. Japan is building a laboratory with an attached exposed 
exterior platform for experiments, as well as logistics transport vehicles. Russia is 
providing two research modules, an early living quarters called the Service Module, 
with its own life support and habitation systems, a science power platform of solar 
arrays that can supply about 20 kilowatts of electrical power, logistics transport 
vehicles, and the Soyuz spacecraft for crew return and transfer. In addition, Brazil 
and Italy are contributing some equipment to the station through agreements with 
the United States. 

RESEARCH ON THE INTERNATIONAL SPACE STATION 

The ISS will establish an unprecedented state-of-the-art laboratory complex in orbit 
that will be more than four times the size and have almost six times the electrical 
power of Russia's Mir. Research in the station's six laboratories will lead to 
discoveries in medicine, materials, and fundamental science that will benefit people 
all over the world. Through its research and technology, the station also will serve 
as an indispensable step in preparation for future human space exploration. 
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Protein crystal studies are an example of the type of U.S. research that will be 
performed aboard ISS. More pure protein crystals may be grown in space than on 
Earth. Analysis of these crystals helps scientists better understand the nature of 
proteins, enzymes, and viruses, perhaps leading to the development of new drugs 
and a better understanding of the fundamental building blocks of life. Similar 
experiments have been conducted on the Space Shuttle, although they are limited 
by the short duration of shuttle flights. This type of research could lead to the study 
of possible treatments for cancer, diabetes, emphysema, and immune system 
disorders. 

Another experiment will consist of growing tissue cultures in microgravity to test 
new treatments for cancer without harming patients. Life in low gravity will also be 
researched to determine the long-term effects of reduced gravity on human beings. 
A centrifuge, located in the Centrifuge Accommodation Module, will use centrifugal 
force to generate simulated gravity ranging from almost zero to twice that of Earth. 
Flames, fluids, and metal in space will be the subject of basic research on the ISS to 
create better alloys and improved materials for applications such as computer chips. 

ISS will also observe the Earth to help study large-scale, long-term changes in the 
environment. Effects of volcanoes, ancient meteorite impacts, hurricanes, and 
human interactions can be studied. Air pollution and water pollution can be 
captured in images that will provide a global perspective unavailable from the 
ground. 

Orbital assembly of ISS began a new era of hands-on work in space, involving 
more space walks than ever before and a new generation of space robotics. About 
850 clock hours of space walks, both U.S. and Russian, will be required over five 
years to maintain and assemble the station. The Space Shuttle and two types of 
Russian launch vehicles will launch 45 assembly missions. Of these, 36 will be 
Space Shuttle flights. In addition, resupply missions and changeouts of 5oyuz crew 
return spacecraft will be launched regularly. Assembly should be completed by 
2006. 
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Rational itMidards 




MATHEMATICS (NCTM) STANDARDS 

• Understand the meaning of operations and how they relate to each other. 

• Use symbolic forms to represent and analyze mathematical situations and 
structures. 

• Analyze characteristics and properties of two-and three-dimensional geometric 
objects. 

• Understand attributes, units, and systems of measurement. 

• Apply a variety of techniques, tools, and formulas for determining measurements. 

• Build new mathematical knowledge through work with problems. 

• Monitor and reflect on mathematical thinking in solving problems. 

• Make and investigate mathematical conjectures. 

• Organize and consolidate mathematical thinking to communicate with others. 

• Use the language of mathematics as a precise means of mathematical expression. 

• Understand how mathematical ideas build on one another to produce a coherent 
whole. 

• Recognize, use, and learn about mathematics in contexts outside of mathematics. 




SCIENCE (NSTA) STANDARDS 

• Science as Inquiry 

Abilities necessary to do scientific inquiry 
Understanding scientific inquiry 

• Science and Technology 
Abilities of technological design 
Understanding science and technology 

• History and Nature of Science 
Science as a human endeavor 
Nature of science 




TECHNOLOGY (NET) STANDARDS 

• Practice responsible use of technology systems, information, and software. 

• Develop positive attitudes toward technology uses that support lifelong learning 
collaboration, personal pursuits, and productivity. 

• Use technology tools to enhance learning, increase productivity, and promote 
creativity. 

• Use technology resources for solving problems and making informed decisions. 

• Employ technology in the development of strategies for solving problems in the 
real world. 




IliliHiBHililill 






The students will 

• create a model of the space station from a set of materials and parameters. 

• work within the constraints of a budget by using consumer math. 

• use a balance to determine mass in grams. 

• use measurement tools and techniques to determine length, width, and height. 

• calculate area and volume. 

• analyze and interpret data to determine the best design, based on budget and 
component placement, for the Space Station. 
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attitude control thrusters - small propulsion device that controls the orientation 
of the Space Station 

core module - section of the Space Station where the brains exist 
diameter - distance across a circle through the center point 

docking port - section of the Space Station where the Space Shuttle will connect 
to dock 

habitation module - section of the Space Station where astronauts will live 

International Space Station (ISS) - facility in space with living quarters, work 
space, and its own environmental control and power generation equipment 

laboratory module - section of the Space Station used to run experiments 
photovoltaic (PV) array - device that collects solar energy and converts it into electricity 
radius - distance from the center point of a circle to the edge of the circle 
robotic arm - mechanical arm used to assemble and repair the Space Station 

space shuttle - reusable spacecraft that transports astronauts, satellites, and other 
material between Earth and space 

thermal radiators - panel or section of the Space Station that distributes heat . 
from the electronic equipment 

truss -structural support on the Space Station that is used either to mount 
equipment or to connect sections together 

MATERIALS (PER GROUP) 



Suggestion: Three students per group 

1 0 craft sticks 


3 sheets of paper 


1 flexible straw 


2 individual serving cereal boxes 


10 small buttons 


balances 


3 soft drink cans 


ruler 


1 toilet paper tube 


scissors 


2 foam food trays 


nontoxic glue 


3 transparency sheets 


tape (recommend duct tape) 


1 Space Shuttle Glider Kit 
copy of Appendix A (p. 12) 


30-cm x 30-cm sheet of aluminum foil 


TIME 




Discussion of the activity (reviewing constraints and parameters) 30 min 

Assembly of the Space Station and math calculations 45 min 


CORRELATION OF SPACE STATION COMPONENTS TO MATERIALS 



erIc 



photovoltaic (PV) arrays = transparency film 

support structure for photovoltaic (PV) arrays and thermal radiators = craft sticks 

thermal radiators = aluminum foil 

modules 1, (habitation) and 2 (laboratory) = soft drink cans 

docking port = toilet paper tube 

truss segments = foam food trays (cut into 4 cm wide strips) 

module 3 (core) = individual serving size cereal boxes 

attitude control thrusters = buttons 

robotic arm = flexible straws 
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FOCUS QUESTIONS 

1 . What is the International Space Station ? 

2. What is significant about having an international Space Station? 

3. What will the Space Station astronauts spend most of their time doing? 

4. Approximately how much do you think the International Space Station will cost? 

5. How will NASA engineers construct the international Space Station ? 



THE ACTIVITY 






STEP 1: INTRODUCING THE ACTIVITY 



1 . 

2 . 



Collect the necessary materials or instruct students to bring them from home. 

Display the labeled picture of the International Space Station as it may appear 
upon completion (Appendix B, p. 13). Discuss each individual component and 
its function: module 1 - habitation, module 2 - laboratory, module 3 - core, 

PV arrays, thermal radiators, docking port, attitude control thrusters, and robotic 
arm. 



3. Explain to the students that NASA engineers need their help. They need new 
ideas for the International Space Station. Announce: "The National Aeronautics 
and Space Administration wants you to design and build a new model of the 
International Space Station. You will present your model to the class. Because of 
some size and weight limitations of the Space Station, there are a few 
requirements for you to follow in the design process. Please assist NASA in 
creating a model that follows the guidelines." 



4. Review with students the lesson guide section entitled Correlation of Space 
Station Components to Materials (p. 5). 



5. Distribute copies of the constraints, Appendix A, p. 12. Discuss the design 
constraints that must be followed. 



6. Organize teams. Each team has three members: a Project Manager, a reader, and 
a recorder. Group members should rotate during each phase of the project so 
that everyone plays an active part in the project. The group should collaborate 
on the final design. 

7. Depending on the ability level of the students, explain the steps of the activity 
or copy the steps and have the students proceed independently. 




STEP 2: CONSTRUCTION OF THE MODULES 

1 . Use a balance to find the mass of module 1 (habitation) and record in Table 1 (p. 10). 

2. Place the circular soda can bottom face down and trace the cross-sectional area 
onto a sheet of paper. 



3. Estimate the center point of the circle. 

4. Measure the diameter in cm and record in Table 1 . 

5. Calculate the radius and record in Table 1 . The formula is r = d/2. 

6. Calculate the area of the cross section and record in Table 1 . The formula is 
A = 7tr J (n = 3.14). 




7. Measure the height of the can in cm and record in Table 1 . 

8. Calculate the volume of module 1 and record in Table 1 . The formula is V = 7 t rMi. 

To simplify finding the volume of the soft drink cans, use the can's maximum diameter 
for calculations. 

Students should round all values to the nearest tenth. 
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